This study proposed to retrospectively analyze the efficacy of radiotherapy on brain/bone metastases in patients with stage IV lung adenocarcinoma and to evaluate the correlation between overall survival after radiotherapy and other factors including metastatic sites and EGFR mutation status. 115 patients with Stage IV lung adenocarcinoma admitted to our center from March, 2011 to December, 2013 were enrolled. They presented with metastases to no other solid organs except the bone or brain and had received no prior treatment. 50 patients received EGFR mutation test with 32 detected as EGFR mutant and 18 wild-type. Patients with brain metastases were treated with 40 Gy whole brain irradiation (WBI) in 2 Gy fractions; patients with bone metastases were treated with 30 Gy local irradiation in 3 Gy fractions or 40 Gy in 2 Gy fractions. All the patients received systemic therapy during or after radiotherapy and 68 received targeted therapy.The median overall survival of patients with solitary brain metastases, solitary bone metastases or combined brain and bone metastases were 8.50 months, 8.50 months and 9.50 months respectively, revealing no significant difference (p=0.57). The median overall survival of patients with EGFR mutations was 10.25 months, longer than the 8.75 months of patients without EGFR mutations, revealing no significant difference (p=0.57). The median overall survival of EGFR mutant patients with solitary bone metastases, solitary brain metastases or combined brain and bone metastases were 7.50 months, 10.50 months and 11.50 months respectively, revealing no significant difference (p=0.91). 36 patients with untested EGFR mutation status received EGFR-TKI. Among EGFR mutant patients, 10 didn't receive targeted therapy; 8 were administered Erlotinib and 14 Gefitinib with median overall survival of 10.25 months and 14.5 months, showing no significant difference (p=0.11) between the two drugs. When patients with stage IV lung adenocarcinoma have been treated by early radiotherapy, the overall survival doesn't correlate with metastatic sites. Radiotherapy could extend survival for EGFR mutant patients with stage IV lung adenocarcinoma. EGFR mutation test should be performed before treatment of the disease.
Metastatic sites and survival in lung cancer are influenced by sex, histological subtype, and age at diagnosis. The most frequent metastatic sites are the bone and brain [1] . Nearly 10% of non-small cell lung cancer (NSCLC) patients present with brain metastases as first diagnosis and another 30%-50% develop brain metastases during disease progression [2] . Blood brain barrier is a physiological obstruction to the delivery of chemotherapy, therefore radiotherapy remains the first choice in treatment of brain metastases [2, 3] . Patients who present with Exon 19 deletions and Exon 21 point mutations (L858R mutation) in epidermal growth factor receptor have better prognosis than those without EGFR mutations [4, 5, 6] . Existing studies haven't come to a consistent conclusion that in lung adenocarcinoma cases with brain metastases, EGFR mutant patients have better prognosis than patients without EGFR mutations [7, 8] , while it has been agreed that radiation of brain metastases could enhance local control of metastatic brain lesions [9] . In recent years epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-TKI) including Gefitinib and Erlotinib have been widely used in treatment of lung adenocarcinoma with EGFR mutations, since there are studies suggesting these inhibitors can be slightly transported across BBB, and make treatment of brain metastases by drugs possible [10, 11] . One of the most frequent metastatic sites is the bone [1] . Painful bone metastases could lead to local bone destruction and reduce life quality of patients.
While radiotherapy remains an effective method for treating bone metastases, patients could also get survival benefit from EGFR-TKI [14] . This study gave a retrospective analysis on stage IV lung adenocarcinoma patients with brain/bone metastases who were treated in our center, and evaluated the correlation between overall survival (OS) after radiotherapy and other factors including EGFR mutations, and metastatic.
Patients and methods
115 patients with Stage IV lung adenocarcinoma admitted from March, 2011 to December, 2013 were enrolled. They presented with metastases to no other solid organs except the bone or brain and had received no prior surgery, radiotherapy, chemotherapy or TKI treatment. 60 patients had brain metastases, 42 bone metastases, 13 combined brain and bone metastases; 69 male and 46 female. The median age of the participants was 56.8 years (35-82). 50 patients received EGFR mutation test by DNA sequencing, which revealed that 32 patients had Exon 19 deletions and L858R mutation while 18 had no EGFR mutations(Table1). Patients with brain metastases were treated with 40 Gy whole brain irradiation (WBI) in 2 Gy fractions; patients with solitary bone metastases or combined brain and bone metastases were treated with 30 Gy local irradiation in 3 Gy fractions or 40 Gy in 2 Gy fractions. During or after radiotherapy all the patients received systemic therapy and 68 of them received targeted drug therapy including Gefitinib and Erlotinib.
The follow-up lasted until September 12, 2014. Loss to follow-up was calculated by the patient's last visit. KaplanMeier estimator (also known as product limited estimator) and Log-rank test were performed to evaluate the association between OS and other factors including brain/bone metastases, EGFR mutations, brain/bone metastases in EGFR mutant patients. SPSS 19.0 was adopted.
Results
Brain/bone metastases and median overall survival. The median overall survival of patients with solitary brain metastases, solitary bone metastases or combined brain and bone metastases were 8.50 months, 8.50 months and 9.50 months, respectively. As indicated in Figure 1 , Log-rank test showed the three groups had no significant difference in survival rate (p=0.57). (Figure 1 ) EGFR mutation status and median overall survival. The median overall survival of EGFR mutant patients was 10.25 months, longer than the 8.75 months of patients without mutations. As indicated in Figure 2 , Log-rank test showed no significant difference between the two groups (p=0.57). Median survival and brain/bone metastases in EGFR mutant patients. The median overall survival of EGFR mutant patients with solitary bone metastases, solitary brain metastases or combined brain and bone metastases were 7.50 months, 10.50 months and 11.50 months, respectively. Logrank test detected no significant difference in survival rate (p=0.91) among the three groups. (Figure 3 )
Targeted drug therapy and median survival. 8/32 EGFR mutant patients received Erlotinib and 14 received Gefitinib. The median overall survival of the two subgroups were 10.25 months and 14.5 months respectively, showing no significant difference (p=0.11).
Discussion
Lung adenocarcinoma is one of the most common malignant cancers in respiratory system. 38% of the patients will have hematogenous metastases and 19% have metastases to multiple sites. The most frequent metastatic sites include the nervous system, bone, liver, respiratory system and adrenal gland. Brain metastases had better prognosis than bone metastases and liver metastases but the patients' median survival was just 3-5 months [1, 2] . It has been testified that EGFR mutations are often found in women patients, patients at the age from 51 to 60, non-smoker patients and patients with adenocarcinoma or bronchioloalveolar carcinoma. The median survival time of patients with Exon 19 deletions and L858R mutation is 3.1 years, longer than the 1.6 years of wild-type patients (p=0.001), while no significant difference was found between Exon 19 deletions and L858R mutation [4, 5] . Mak et al. [6] carried out a multivariate analysis on 1445 patients with lund adenocarcinoma, of whom 418 (29%) had EGFR mutations and 1027 were wild-type. The local recurrence (LRR) rate was significantly lower in EGFR mutant group than in wild-type group (24% vs 46%) with median survival time of 61.2 months and 34.7 months respectively. While stage IV lung adenocarcinoma patients got survival benefits from radiotherapy, their survival time could also be affected by how the primary tumor had been controlled [2] . As EGFR mutant patients could benefit from EGFR-TKI therapy, EGFR mutation test by DNA sequencing may be included as part of the clinical care for stage IV lung adenocarcinoma [4] . Research carried out by Fujimoto et al. [15] indicated that EGFR mutant patients with stage IV lung adenocarcinoma treated by EGFR-TKI had better response than EGFR wild-type patients who received chemotherapy as first-line treatment, with progression-free survival (PFS) of 8.5 months and 3.6 months respectively. They also found better prognosis in EGFR mutant patients whose median overall survival reached 28.1 months, significantly longer than the 14.9 months of EGFR wild-type patients. In the research by Porta et al. [15] , PFS and OS of EGFR mutant group were 11.7 months and 12.9 months while of EGFR wild-type group 5.8 months and 3.1 months and the difference between the two groups was considered statistically significant. However some other researches on brain metastases hold different conclusions. In their retrospective study which enrolled 189 NSCLC patients, Hendriks et al. [8] found that the median time to brain metastases in EGFR mutant group and EGFR wild-type group was 20.8 months and 16.4 months respectively (p=0.321); the median post brain metastases survival was 12.1 months and 10.7 months respectively (p=0.674), indicating that the incidence of brain metastases was not different between mutation group and wild-type group. Research by Krawczyk et al. [16] found the incidence of EGFR mutations in bone metastases was 75%, significantly higher than in primary adenocarcinoma (12.8%) and nervous system metastases (14.75%). Overall survival of EGFR mutant patients with bone metastases was much longer than in patients without mutations [7, 8] . Fujimoto et al. [7] revealed that the median overall survival was 22.7 months in EGFR mutant patients with bone metastases, significantly longer than the 7.7 months in EGFR wild-type group. Hendriks et al. [8] found that the median post metastases bone disease survival in EGFR mutant patients was 15.0 months, much longer than the 3.2 months in EGFR wild-type group (p=0.010).
In presented research 50 patients were assigned to EGFR mutation test and the median overall survival was 10.25 months in EGFR mutant patients, longer than the 8.75 months in EGFR wild-type patients. Among EGFR mutant patients, median overall survival was 7.50 months in solitary bone metastases, 10.50 months in solitary brain metastases and 11.50 months in combined bone and brain metastases, which was consistent with similar studies and indicated that radiotherapy could extend survival for patients with stage IV lung adenocarcinoma. However, different from previous studies, we detected no statistical difference in EGFR mutation status or metastatic sites. In contrast to this research, Fujimoto et al. [7] , Hendriks et al. [8] and Porta et al. [15] administered active systemic treatment, without considering the effect of radiotherapy on survival. Indeed there are some researches indicative of a correlation between radiotherapy efficacy and EGFR mutation status. For instance, Johung et al. [9] found that brain metastases treated with gamma knife radiotherapy showed no in-field recurrence while patients without EGFR mutations exhibited higher local recurrence rate. Their multivariate analysis revealed that EGFR mutations status and lesion diameter were independently associated with local control after radiotherapy. In the research by Park et al. [17] , 50% of EGFR mutant patients were assigned to radiation to the brain during EGFR-TKI treatment and the PFS of this group reached 12.6 months. In contrast to brain metastases, the overall survival of bone metastases was mainly associated with the number of metastatic lesions [18] and radiation doses [13, 14] . According to Porta et al. [14] EGFR mutant patients could get benefit from EGFR-TKI and after radiotherapy subgroups treated with biological dose equivalent (BED) ≥ 40 Gy had a favorable prognosis. In our research, brain metastases were administered radiation to the brain while bone metastases palliative radiotherapy, both combined with systemic approaches including EGFR-TKI and chemotherapy. The results showed improved life quality of patients, indicating active radiotherapy could affect disease development; both brain metastases and bone metastases with survival benefits, exhibiting no significant difference but further prospective study may be needed.
Bone metastases are commonly treated by combined modality therapy including chemotherapy, radiotherapy and EGFR-TKI. Some researches adopted EGFR-TKI for treatment of brain metastases despite of BBB and the plasma and cerebrospinal fluid (CSF) concentration of Gefitinib could reach 491.8±184.2 ng/ml and 6.2±4.6 ng/ml [10] , and Erlotinib concentration in blood plasma and CSF could be 717.7±459.7 and 23.7±13.4 ng/ml [11] . One mice model test revealed that increased doses of Gefitinib brought higher concentration of the drug EGFR-TKI [19] which could have direct effect on metastatic cells in the brain. Research by Bokobza et al. [20] showed the combination of Gefitinib and radiotherapy didn't increase the killing of non-mutant cancer cells at the cellular level but still produced additive cell killing. Song et al. [3] indicated Gefitinib/Erlotinib could be used as salvage treatment to extend survival for patients with brain metastases who failed to respond to radiotherapy. In this research, EGFR mutant patients either received Erlotinib or Gefitinib, combined with radiotherapy, and the median overall survival were 10.25 months and 14.5 months respectively, presenting no significant difference. In their meta analysis, Liang et al. [21] found difference in efficacy between Gefitinib and Erlotinib, but they noted the overall survival could be influenced by other factors and EGFR-TKI T790M status in the population may have effects on the efficacy of TKI and cause bias. Radiotherapy worked in EGFR-TKI-resistant patients since it could directly damage cancer cell DNA [22] , indicating combined modality treatment invovling TKI based chemotherapy and radiotherapy could enhance efficacy for Gefitinib-resistant patients. Probably because radiation had direct effect on cancer cell DNA, our research found no difference in overall survival between EGFR wild-type and EGFR mutant patients.
EGFR mutation test could affect clinical trial results. In a randomized trial carried out by Lee et al. [23] , no statistically significant quality of life difference was found between patients treated by Erlotinib combined with whole brain radiation therapy (WBRT) and patients treated by WBRT only. Lee et al. believe it was because 45/80 patients didn't receive EGFR mutation test and only 1/35 was EGFR mutation positive. In our research, no statistical difference in metastatic sites was detected among the 65 patients untested for EGFR mutation status, similar to the result from EGFR mutant patients. However, the median overall survival in untested solitary bone metastases (8.50 months) was longer than in EGFR-mutant solitary bone metastases (7.50 months), which is different from comparisons between solitary brain metastases groups (8.50 vs 10.50 months) and between combined bone and brain metastases groups (9.50 vs 11.50 months). The reason for this statistical bias lies in that 65 patients didn't receive EGFR mutation test and 36 of them with unclear EGFR mutation status received EGFR-TKI treatment which could affect survival. It provides further evidence for the importance of EGFR mutation test for clinical research on lung adenocarcinoma.
In conclusion, presented research carried out a retrospective analysis and found that brain metastases and bone metastases had similar prognosis when patients with stage IV lung adenocarcinoma received early radiotherapy. EGFR mutant patients had longer survival than EGFR wild-type patients but the difference was not considered statistically significant, indicating that radiotherapy could extend survival time for wild-type patients. Radiotherapy combined with Gefitinib or Erlotinib have similar efficacy in treating stage IV lung adenocarcinoma. EGFR mutation test should be performed before treatment of stage IV lung adenocarcinoma, followed by a prospective clinical trial.
